MANY and divergent results have been obtained by various investigators working on the action of these drugs on the urinary apparatus.
similar in structure to glands on which atropine has a definite action; and that pilocarpine acts on the muscular tissue in the walls of the renal artery and on possibly existing smooth inuscle-fibres in the substance of the kidney itself.
METHOD.
Dogs were the animals used. In my earlier experiments the animals were provided with permanent bladder cannule to which stopcocks were attached. These cannule were inserted by means of pursestring sutures and under strict asepsis. A week to ten days was allowed for the animals to recover from the effects of the operations, after which time it was found that they stood manipulations of the stop-cock without discomfort. The advantages of this method of studying conditions of urinary secretion are pointed out by Ginsberg [5] . The animals were placed on a fixed diet of moist, uncooked tripe, 500 grin. of which were allowed for a dog of 7T5 to 8 kilos, given once a day ; no water was allowed.
During the actual experiments the animals were attached to a long chain, so that they could (within limits) move about freely. At the commencement of each experiment the urine was drawn off and a known quantity (generally 2 c.c.) of saline injected through the cannula, and immediately withdrawn and measured, to ensure that there was no fluid left in the bladder, and that there was no stoppage in the cannula. Thereafter the urine was drawn off at regular intervals (sometimes every five minutes, sometimes every ten minutes) and accurately weighed, so that any slight variation in the amount excreted at once became apparent. On the fixed diet and under normal conditions this fiveor tenminute excretion was found to remain very constant, about 13 c.c. being excreted every ten minutes. It should be stated that the daily meal was given about 8 p.m., so that the temporary increase in diuresis caused thereby had passed off by the next morning, and from 9 a.m. until after the next meal at 8 p.m. the normal flow was found to remain very constantly at about the above figure.
It was found that 50 c.c. or 100 c.c. of water given per os produced a regular increase in diuresis, with its point of maximum intensity occurring about fifty minutes after the water was given, but that if 2 mgrm. of atropine were injected subcutaneously at the same time that the water was given, the maximum increase in diuresis did not occur until one hundred and ten minutes after the water was given. The total amount of fluid excreted was not diminished. When pilocarpine (2 mgrm.) was given in the same way there was no appreciable delay in the excretion, but less was excreted than with water only.
An attempt was then made to isolate the ureter on one side from the action of the drugs as follows: On different occasions four dogs were anaesthetized with urethane, the abdomen was opened, the bladder drawn forward, and the left ureter isolated and ligatured near its junction with the bladder. This ureter was then opened on the proximal side of the ligature, and a flexible metal cannula was introduced and pushed up so that its end reached well into the hilus of the left kidney; the cannula was then firmly tied in this position. A puncture was then made in the bladder and a cannula tied in with a purse-string suture. It was hoped that in this way some difference in the secretion of the two kidneys might be manifested after the exhibition of pilocarpine or of atropine. In one experiment, indeed, somne slight difference was noted after the injection of pilocarpine, but though all precautions were taken to combat shock from the operation the flow of urine was so small in amount that any differences were too small to be reliable. In oneof these experiments an attempt was made to increase the secretion of urine by giving water, but though 500 c.c. were given no increase in the amount of urine took place for five hours. Two dogs were then operated on in a similar way under ether and morphia, and with strict aseptic precautions. Two days after the operations, when the effect of the morphia had worn off, they were ready for experiment.
We had then two dogs, in each of which the urine from the left kidney flowed away directly through a metal cannula, so that no constriction or dilatation of the ureter could influence it in any way, and in which the urine from the right kidney passed through the ureter and bladder, and so out through a bladder cannula. These animals had recovered from operation shock, and were not under the influence of any ancesthetic. During the experiments these animals were slung up in slings, and the urine from the two kidneys was collected separately in tared flasks and accurately weighed at intervals of either five or ten minutes.
At the commencement of each experiment 100 c.c. of water were given per os, in order to increase the amount of urine secreted, so that any difference that might occur between the two sides should be as marked as possible. When water only was given it was found that the flow from the two kidneys ran in absolutely parallel lines (Chart I), though the amount excreted by the left kidney was in neither case quite so much as that coming from the right kidney. Allard [1] has shown that the secretion of urine from the two kidneys is parallel, though normally there may be a variation of as much as 30 to 40 per cent. in the amount voided by each, when much urine is being secreted. Possibly, too, the necessarily greater amount of manipulation undergone by the left kidney in these animals may have caused them to be slightly less effective than their fellows.
In these experiments the pilocarpine and atropine were given subcutaneously shortly before the height of the diuresis, caused by the water ingested, was reached; generally about forty-five minutes after the water was given. It was found in every case that atropine prolonged always exceeded the height of the original rise, which had been interrupted by the pilocarpine. The total amount of urine secreted in any given time after pilocarpine was less than with water only (Chart III). Charts IV and V show ihe effects of water only, and of water and atropine, and water only, and water and pilocarpine, the curves being taken from the figures given by actual experiments and superimposed strictly to scale, in order to contrast these effects. The total amounts of urine excreted by the two kidneys in a given time after these drugs, contrasted with the amounts voided by them c.c. 
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These results show that atropine, whilst it has no appreciable effect on the flow passing through the ureteral cannula on the one side, has a distinct effect on the flow through the normal ureter on the other side. To explain these phenomena I would suggest that a certain normal tonus in the ureters offers a resistance to the passage of urine; that this tonus, as would be expected, is relaxed by the atropine, and in consequence a more generous and prolonged outflow of urine takes place. Moreover, the secondary rise, which is in no case comparable to the first in magnitude, can then be explained by the passing off of the atropine effect, with consequent return of tonus to the ureter, which forces out the urine then contained therein.
The following theory appears to meet the case of the action of pilocarpine: The primary fall in the excretion of both kidneys is contemporaneous with the onset of salivation, lachrym-ation, and presumably of secretion from other glands; " the heart-beat is at the same time slowed from peripheral vagus stimulation and the blood-pressure falls" (Dixon [4] ), so that diminished blood-pressure and loss of fluid by other glands can quite easily account for this primary fall. The next phenomenon is a sudden rise in the urinary outflow from the right kidney (via ureter and bladder), whilst that from the left kidney remains low. The cause of this must obviously be sought for in some influence affecting the urinary apparatus on the right side and not on the left. If we imagine, and it does not appear improbable, that at the time that salivation commences the -ureter becomes thrown into strong contractions by the pilocarpine, we have an additional cause for the primary fall in the output of urine from the right kidney (and, as a matter of fact, it is in all cases more marked on this side) ; thus a strong resistance would be offered to the outflow of urine on the right side, but after a time the pressure of the urine secreted by this kidney would overcome this resistance, resulting in a sudden outgush of urine, which is represented in these curves by the secondary rises in the output of the right kidney. The more gradual secondary rise in the output of the left kidney takes place contemporaneously with the falling-off of salivation, lachrymation, &c.; in other words, the effect of the pilocarpine is gradually wearing off, and the conditions are returning to the normal.
Confirmation of this theory was afforded by one of my earlier experiments conducted under urethane, in which, after the exhibition of pilocarpine, the flow from the right kidney (via ureter and bladder) was seen distinctly to come in a regular, rhythmical manner-three to five drops flowing in quick succession, followed by a pause during which no urine escaped until the next series of rapidly flowing drops. This phenomenon lasted for twenty minutes, and started almost immediately after the pilocarpine was injected.
Lewin and Goldschmidt [8] have shown that reabsorption can take place from the ureters. This may perhaps help to explain the fact that rather less urine is excreted after pilocarpine than normally, for during the periods of strong contraction of the ureters the urine is being held back and some reabsorption may take place.
Styrer [14] demonstrated that compression of the ureters causes a distinct increase in the amount of urine excreted, and this fact may account in some way for the markedly larger quantity of urine excreted by the right kidney than by the left in these experiments with pilocarpine, and it may also explain why, in every case after pilocarpine, one of the secondary rises in the output from the right kidney exceeds the primary rise in extent. Metzner [10] , too, states that the normal ureteral peristalsis may be influenced by various means, and that an anti-peristalsis can also take place.
Langley and Anderson [6] have clearly demonstrated the sympathetic nervous connexions of the ureters and adjacent viscera. These organs, however, in common with others as far as anatomical research goes, would appear to be without pelvic nerve supply. It is, however, well known that different kinds of stimulation will produce two distinct varieties of salivary secretion, and that in the case of the bronchioles there are both constrictor and dilator fibres, as shown by Brodie and Dixon [2] . So that it is perhaps not an unlikely supposition that also in the innervation of the ureters there are similar nervefibres, whether contained in the hypogastric nerve or not, on whose nerve-endings in the ureters atropine and pilocarpine can act in their customary manner.
CONCLUSIONS.
(1) That the chief action of atropine on the excretion of urine is one on the plain miusculature of the ureters.
(2) That pilocarpine affects the output of urine both indirectly through loss of fluid from other glands and also, and probably to a greater extent, by its action on the musculature of the ureters.
